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REMARKS 

It is respectfully requested that the present Reply be entered into the Official File in view 
of the fact that the Reply automatically places the application in condition for allowance. Thus, 
the present Reply is believed to be in proper form for placing the application in condition for 
allowance. 

The amended claim presents no new issues requiring further search or consideration 
because a claim of the same or similar scope has previously been presented and subsequently 
examined. The amendment to claim 33 actually deletes subject matter. 

In the alternative, if the Examiner continues with the rejections of the present application, 
it is respectfully requested that the present Reply be entered for purposes of an Appeal. The 
Reply reduces the issues on appeal by overcoming the rejection under 35 U.S.C. § 112, first 
paragraph. Thus, the issues on appeal would be reduced. 

Status of Claims 

Applicants respectfully request the Examiner to reconsider the present application in 
view of the foregoing amendments to the claims. 

In the present Reply, claim 33 has been amended herein. Claims 1-32, 34-36 and 39-60 
were previously canceled without prejudice or disclaimer of the subject matter contained therein. 
Thus, claims 33, 37, 38 and 61-63 are pending in the present application. No new matter has 
been added by way of the amendment to claim 33, since this amendment has support throughout 
the present specification (see, e.g., page 2, lines 1 1+). 
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Based upon the above considerations, entry of the present amendment is respectfully 
requested. 

In view of the following remarks, Applicants respectfully request that the Examiner 
withdraw all rejections and allow the currently pending claims. 

Issues Under 35 U.S.C. § 112, First Paragraph 

Claims 33, 38 and 61-63 stand rejected under 35 U.S.C. § 112, first paragraph for asserted 
lack of enablement (see pages 2-3 of the Office Action). This rejection is respectfully traversed. 
Reconsideration and withdrawal thereof are respectfully requested. 

The Examiner indicates that only anemia is not enabling in the Office Action. Thus, 
Applicants respectfully refer the Examiner to the scope of the claims as presented herein. It is 
believed that this rejection has been overcome or rendered moot. Reconsideration and withdrawal of 
this rejection are respectfully requested. 

Issues Under 35 U.S.C § 103(a) (pages 3-4 of the Office Action) 

Claims 33, 37, 38 and 61-63 stand rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Sakai et al. '004 (WO 96/34004) and Lion Corp. C 247 (JP 11-21247), as set forth in the 
previous Office Action. Applicants respectfully traverse, and reconsideration and withdrawal 
thereof are respectfully requested. 

Overall, the Examiner is maintaining the rejection in view of Sakai '004 and Lion '247 
because, in part, the fucoidan of the present invention "has similar activity with the fucoidan derived 
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from Fucus vesiculosus, one of LION's preferred fucoidans" (at page 4, lines 15-17 of the Office 
Action), These comments, as well as some of the other Examiner's concerns, are addressed below. 

Differences in fucoidans 

In general, fucoidan is a generic term for a polysaccharide comprising a sulfated fucose 
as a constituting saccharide, contained in Phaephyceae, Echinodermata, or the like. The 
fucoidans of different origins are known to have different chemical structures. In other words, 
those fucoidans of different origins only have in common a polysaccharide comprising sulfated 
fucose as a constituting saccharide. But a fucoidan with a different origin will have different 
structure from a fucoidan of another origin. Such differences are especially true for those 
fucoidans derived from marine algae since those fucoidans have very complicated structures due 
to a) the existence of the constituting saccharides other than fucose, b) the presence or absence of 
branched structure, c) the presence of absence of acetylation, d) added position of the sulfated 
group, etc., these structures have not yet been elucidated at present. To support Applicants' 
position, enclosed herewith as "Exhibit 1" is a copy of Carbohydrate Research ("Structure of a 
fucoidan from the brown seaweed Fucus evanescens C.Ag.," Vol. 339, pp. 719-730 (2002)), 
showing the contents mentioned above. 

Structural differences leading to physiological differences 

As a result of such structural differences, not all the fucoidans will necessarily have the 
same physiological activities. As an example, a fucoidan derived from Laminaria japonica 
versus a fucoidan derived from Sargassum do not share the same therapeutic effects for treating 
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an allergy (hyaluronic acid synthesis promoting action). Therefore, not all compounds, which are 
polysaccharides comprising sulfated fucose, exhibit therapeutic effects for an allergy. 

Structural and physiological differences in fucoidans relating to cited references 

As mentioned, a fucoidan derived from Laminaria japonica versus a fucoidan derived 
from Sargassum do not share the same therapeutic effects for treating an allergy. This is 
especially true regarding the fucoidan of the cited Lion '247 reference. According to Lion ' 247, 
the therapeutic effects are not found in the fucoidan derived from Laminaria iavonica, which is a 
very close species to Kiellmaniella crassifolia as used in the present invention. In Lion, at 
paragraphs [0005]-[0007], this reference describes that fucoidans extracted from Laminariales 
and Sargassum belonging to Phaeophyceae had weaker effects (of hyaluronic acid synthesis 
promoting action), which shows that the effects of the present invention are specific to the 
fucoidan derived from a specified marine alga recited in the claim. Also, Lion '247 discloses that 
fucoidan derived from Laminaria japonica and fucoidan derived from Sargassum do not have 
hyaluronic acid synthesis promoting action (Test Example 1), that these fucoidans have low 
hyaluronidase activity inhibitory action (Test Example 2), and that these fucoidans have low 
histamine release suppressive action (Test Example 3) (which is why Applicants maintain that 
Lion ; 247 teaches away from achieving the present invention by disclosing against the 
effectiveness of the treatment of an allergic disease of the fucoidan derived from Kjellmaniella 
crassifolia (Laminariales)). Thus, there are not only structural differences based on the origin of 
the particular fucoidan, but physiological differences as well. 
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Applicants note that this rejection is being maintained from the previous Office Action. 
In the previous Office Action (of May 6, 2004), the Examiner refers to a fucoidan derived from 
K. crassifolia (page 5 of the Office Action) and fucoidans from brown algae (Phaeophta) 
(referring to the Sakai references; at page 6 of the Office Action). However, as mentioned 
above, the fucoidan origin can lead to structural and physiological differences. The present 
invention is directed to a method of treating an autoimmune disease, diabetes, septic shock, 
inflammatory enteropathy, chronic articular rheumatism, multiple sclerosis, uveitis or an allergic 
disease, wherein the method comprises administering a fucoidan derived from Kjellmaniella 
crassifolia and/or a degradation product thereof. Thus, the present invention uses a different 
fucoidan that what is discussed in Sakai '004. 

In view of the above, even if the fucoidan were a polysaccharide containing sulfated 
fucose, one of ordinary skill in the art cannot easily deduce, and it would not be obvious as to 
whether or not a fucoidan derived from Kjellmaniella crassifolia has the same therapeutic effects 
for allergy as those described in Sakai 6 004 and Lion '247. Such a finding has been 
accomplished for the first time in the present invention. 

Applicants also submit that "Obviousness requires one of ordinary skill in the art have a 
reasonable expectation of success as to the invention — 'obvious to try' and 'absolute 
predictability' are incorrect standards." Velander v. Garner, 68, USPQ2d 1769, 1784 (Fed. Cir. 
2003) (citing In re OTarrell, 853 F.2d 894, 903, 7 USPQ2d 1673 (Fed. Cir. 1988)). In this 
regard, Applicants respectfully submit that the requisite reasonable expectation of success is 
lacking since a reliance on, e.g., disclosure regarding fucoidans from brown algae (Phaeophta), is 
an improper invitation to experiment or using an obvious to try rationale. See In re Vaeck, 947 
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F.2d 488, 493, 20 USPQ2d 1438, 1442 (Fed. Cir. 1991). More specifically, relying on the 
generic disclosure of brown algae (Phaeophta) (as disclosed in Sakai '004) or the fucoidan 
derived from Laminar ia iavonica (in Lion '247) to equal the present invention is instead merely 
an (improper) invitation to experiment so that one of ordinary skill in the art could eventually 
and maybe achieve the present invention. Thus, the requisite reasonable expectation of success is 
lacking. 

Further, the mere fact that disclosures can be combined does not make the combination 
obvious unless the art also contains something to suggest the desirability of the combination. 
See, In re Gordon, 221 USPQ 1 125, 1 127 (Fed. Cir. 1984) and In re Imperato, 179 USPQ 730, 
732 (CCPA 1973). That suggestion is lacking here in the cited references so that one of ordinary 
skill in the art would not be properly motivated in achieving the present invention. Instead, the 
skilled artisan would only be motivated to experiment with, e.g., brown algae and not achieve the 
present invention. 

Applicants also submit that the other requirement of disclosure of all claimed features for 
a prima facie case of obviousness has not been satisfied. Besides the specific diseases or 
conditions recited, Applicants submit that the cited combination still lacks disclosure of the 
claimed fucoidan (or degradation product thereof). See In re Vaeck. 

Thus, Applicants respectfully submit that a prima facie case of obviousness has not been 
established for the reasons stated above. Further, Applicants respectfully submit the present 
invention is not obvious from the cited combination of Sakai '004 and Lion '247 as asserted in 
the Office Action. Accordingly, reconsideration and withdrawal of this rejection are respectfully 
requested. 
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Issues Under 35 U.S.C. § 103(a) (pages 4-5 of the Office Action) 

Claims 33, 38 and 61-63 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Sakai '004 (WO 96/34004) and McCaffrey et al. (Biochem. Biophys. Res. Comm., 1992) in view of 
Grainger et al '911 (U.S. 6,117,911). Applicants respectfully traverse, and reconsideration and 
withdrawal of this rejection are respectfully requested based on the following. 

As discussed above, there are not only structural differences based on the origin of the 
particular fucoidan, but physiological differences as well. 

The Examiner cites the secondary reference of McCaffrey as disclosing an activation 
action of TGF-p by the fucoidan. According to page 775, lines 10-13 of McCaffrey, this 
activation is an action by the fucoidan derived from Fucus vesiculasus, and actions for fucoidans 
derived from other marine algae have neither been disclosed nor suggested. In the same manner 
as the arguments for the rejection regarding the combination of Sakai ; 004 with Lion '247 as 
discussed above, the fucoidan derived from Fucus vesiculasus (of McCaffrey) and the fucoidan 
derived from Kjellmaniella crassifalia are compounds having different chemical structures. 
Therefore, Applicants respectfully submit that it is not readily obvious to one of ordinary skill in 
the art that the fucoidan derived from Kjellmaniella crassifalia has an activating action of TGF-J3 
due to the different origins of the fucoidans. Thus, Applicants respectfully submit that a prima 
facie case of obviousness has not been established. 

Further, the fucoidan derived from Kjellmaniella crassifalia and the fucoidan derived 
from Fucus vesiculasus are compounds having different chemical structures according to a 
recent study made by one of the inventors of the present invention (see Exhibit 2 which is 
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enclosed - Baiasaiensu ta Indasutarii (Biasience and Industry), "Structures and biological 
activities of marine algal fucoidans and their oligosaccharides," Vol. 60(6) (2002)). (Exhibit 2 is 
in a foreign language, but a portion is translated as discussed below). This is further proof of 
Applicants' position. 

Specifically, Exhibit 2 discusses the structure of the fucoidan oligosaccharides obtained 
by enzyme digestion, wherein the fucoidans are derived from marine algae, showing three kinds 
of fucoidans derived from Kjellmaniella crassifalia (sulfated fucoglucuronomannan, sulfated 
fucogalactan, and sulfated fucane) and two kinds of fucoidans derived from Fucus vesiculasus 
(sulfated fucoglucuronomannan and sulfated fucane) (see Figure 2, p.379, of the attached Exhibit 
2). Figure 2 of Exhibit 2 is translated into English hereinbelow as follows. 



Sulfated Fucoglucuronomannan Derived from Kiellmaniella crassifalia 

Main AGAl-2(F(3S)al-3)Manal-4(GApl-2(F(3S)al-3)Man)n n=0, 1 

Oligosaccharide 

Main Structure of (-4Gapl-2(F(3S)al-3)Manal-)m 
Polysaccharide 



Sulfated Fucoglucuronomannan Derived from Fucus vesiculasus 

Main AGAl-2(Ff(5S)al-4F(2,3diS)al-3)Man(6S) 
Oligosaccharide 

Existing Form in -4GAl-2(Ff(5S)al-4F(2,3diS)al-3)Man(6S)al- 
Polysaccharide 
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Sulfated Fucogalactan Derived from Kjellmaniella crassifolia 

Main Gal(3S)pi-6Gal(3S)pl-6(F(3S)al-4F(3S)al-3Galpl-4)Gal(3S) 
Oligosaccharide 

Existing Form in -6Gal(3S)pl-6Gal(3S)pl-6(F(3S)al-4F(3S)al-3Galpl-4)Gal(3S)pi^ 
Polysaccharide 



Sulfated Fucane Derived from Kiellmaniella crassifolia 

Main F(2 5 4diS)al-3F(2 ? 4diS)al-3(F(3S)al-2)F( 4S)al-3F(2,4diS)al- 

Oligosaccharide 3F(2,4diS)al-3F(2,4diS) 



Sulfated Fucane Derived from Fucus vesiculosus 



Main Fal-3(F(2S)al-4F(2,3diS)al-3)nF(2S) n=l, 2, 3, 4 

Oligosaccharide 



Figure 2 Structure of Fucoidan Oligosaccharide Obtained by 
Enzyme Digestion and Entire Structure of Fucoidan 

[Abbreviations in the drawings: F, L-fucose, Ff, L-fucofuranose; GA, D-glucuronic acid; AGA, 4,5- 
unsaturated D-glucuronic acid; Gal, D-galactose; Man, D-mannose; S, o-sulfate] 



Applicants note that it is described in Exhibit 2 that the main chain structure of the 
sulfated fucoglucuronomannan is the same between the fucoidan derived from Kjellmaniella 
crassifolia and the fucoidan derived from Fucus vesiculosus, but the side chain structures are 
different from each other. Also, the main chain of the sulfated fucane derived from Kjellmaniella 
crassifolia is structurally different from that derived from Fucus vesiculosus. Therefore, it is 
evident that the fucoidan derived from Kjellmaniella crassifolia and the fucoidan derived from 
Fucus vesiculosus are structurally different compounds from each other. Thus, the cited 
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combination of references is improper since one of ordinary skill in the art would not be 
motivated and/or reasonably expect to be successful in achieving the present invention since 
different fucoidans are used in the cited references. 

Thus, Applicants respectfully submit that a prima facie case of obviousness has not been 
established for the reasons stated above. Further, Applicants respectfully submit the present 
invention is not obvious from Sakai '004, McCaffrey and Grainger c 91 1 as asserted in the Office 
Action. Accordingly, reconsideration and withdrawal of this rejection are respectfully requested. 

CONCLUSION 

A full and complete response has been made to all issues as cited in the Office Action. 
Applicants have taken substantial steps in efforts to advance prosecution of the present 
application. Thus, Applicants respectfully request that a timely Notice of Allowance issue for the 
present case. 
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If the Examiner believes that personal communication will expedite prosecution of this 
application, the Examiner is invited to contact Eugene T. Perez (Reg. No. 48,501) at the offices 
of Birch, Stewart, Kolasch & Birch, LLP. 



Dated: May 25, 2005 Respectfully submitted, 




Marc S. Weiner 
Registration No.: 32,181 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
81 10 Gatehouse Rd 
Suite 100 East 
P.O. Box 747 

Falls Church, Virginia 22040-0747 
(703) 205-8000 
Attorneys for Applicant 

Attachment: Exhibit 1 - Carbohydrate Research, "Structure of a fucoidan from the brown 
seaweed Fucus evanescens C.Ag.," Vol. 339, pp. 719-730 (2002) 
Exhibit 2 - Baiasaiensu ta Indasutarii (Biasience and Industry), "Structures and 
biological activities of marine algal fucoidans and their oligosaccharides," Vol. 
60(6) (2002)). 
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Ebstract 

J^' fucoidan consisting of L-fucose, sulfate and acetate in a molar proportion of 1:1.23:0.36 was isolated from the Pacific brown 
raaweed Fucus evanescens. The structures of its desulfated and de-0-acetylated derivatives were investigated by ID and 2D 'H and 
Wjp NMR spectroscopy, and the data obtained were confirmed by methylation analysis of the native and desulfated polysaccha- 
KBes. The fucoidan was shown to contain a linear backbone of alternating 3- and 4-linked oc-L-fucopyranose 2-sulfate residues: 
j3)-a-L-Fuc/?(2SOr)-(l -»4)-a-L-Fuc/>(2SOr)-(l Additional sulfate occupies position 4 in a part of 3-linked fucose residues, 
whereas a part of the remaining hydroxyl groups is randomly acetylated. €> 2002 Elsevier Science Ltd. All rights reserved. 

^m*words: Fucoidan; Fucan NMR; Disaccharide repeating unit; Seaweed; Brown algae; Fucus evanescens 



E? Introduction 

^Natural polysaccharides built up essentially of sul- 
fated oc-L-fucose residues are known as fucoidans. 2 
■Eiey are present in brown algae and some echino- 
E|rms. Fucoidans have been extensively studied due to 
Weir diverse biological activities, since they are potent 
rajticoagulant, 3 * 4 antitumor, 5 and antiviral 6 7 agents. In 
gjSdition, they can act as ligands for selectins, 8 ' 9 protect 
Ihe gastric mucosa against the proteolytic activity of 
■pstric juice, 10 block mammalian fertilization, 11 etc. The 
I|lationships between structure and biological activities 
in fucoidans are not clearly established due to many 
Difficulties connected with determination of the fine 
gtructure of polysaccharides. 

[Sulfated fucans isolated from echinoderms have usu- 
ally linear backbones and regular sulfation patterns 
Eesulting in the formation of oligosaccharide repeating 
Eiiits. 12 The structures of these repeating units can be 
Eetermined unambiguously, especially by using high- 



ly' Polysaccharides of algae, Part 56. For Part 55, see Ref. 1. 
t'* Corresponding author. Tel.: + 7-095-1376791 ; fax: + 7- 
$5-1355328. 

IE-mail address: usov@ioc.ac.ru (A.I. Usov). 



field NMR spectroscopy, and hence, correlation be- 
tween structures and biological action of 
polysaccharides may be outlined. 13 Unfortunately, the 
structures of algal fucoidans are much more compli- 
cated. The algal polysaccharides are usually heteroge- 
neous and branched, they may contain additional 
monosaccharide constituents and acetyl groups, the 
sulfation pattern is not regular, and as a result, chemi- 
cal methods of structural analysis, as well as NMR 
spectra of native algal fucoidans, usually give only 
partial information on their structures. Controversial 
data may be found in the literature even about the 
structure of the most carefully studied fucoidan from 
Fucus vesiculosus, which is commercially available. 14 16 
It is clear that structures of algal fucoidans vary with 
the algal species, but their possible structural diversity 
is also poorly understood. Only recently it was shown 
that representatives of the orders Chordariales and 
Laminariales (Phaeosporophyceae) may contain 
polysaccharides with a linear backbone built up of 
(1 -> 3)-linked a-L-fucopyranose residues. 17 19 This 
backbone may have single branches at position 2 of 
several fucose residues (as oc-D-glucopyranosyluronic 
acid residues in Cladosiphon okamuranus™ or oc-L- 
fucopyranosyl residues in Chorda filum* 9 ) resulting in 



^08-6215/02/S - see front matter © 2002 Elsevier Science Ltd. All rights reserved. 
Wh S0008-6215(02)00053-8 
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the formation of quasi-regular carbohydrate chains 
with hexasaccharide repeating units; but in native fu- 
coidans this regularity is masked by random sulfation 
and acetylation. In contrast, fucoidans from two repre- 
sentatives of the order Fucales (Cyclosporophyceae), 
namely, Ascophyllum nodosum and F. vesiculosus, were 
shown to have a backbone built up of alternating 
(1 _> 3). and (1 -> 4)-linked oc-L-fucopyranose 
residues. 1620 It is very probable that the difference in 
backbone structures reflects the fundamental difference 
in fucoidan biosynthesis in the two different classes of 
brown algae, Phaeosporophyceae and Cyclosporo- 
phyceae, respectively, but such a statement requires 
confirmation by additional examples of fucoidans with 
definitely elucidated structures. 

The present work is devoted to the structural analysis 
of a fucoidan isolated from the next representative of 
the order Fucales (Cyclosporophyceae, Phaeophyta), 
the Pacific brown alga Fucus evanescens C.Ag. 



2. Results and discussion 

Isolation of fucoidan.— before the extraction of 
polysaccharides, the algal biomass was pretreated with 
a MeOH-CHCl 3 -water mixture to remove pigments 
and other low-molecular weight compounds. 21 Water- 
soluble polysaccharides were then extracted from defat- 
ted biomass with aqueous calcium chloride at 85 °C, 
acid polysaccharides were precipitated from the extract 
by the action of hexadecyltrimethylammonium bromide 
(Cetavion) and transformed into water-soluble sodium 
salts. The resulting crude fucoidan (F) was purified and 
fractionated by ion-exchange chromatography on 
DEAE-Sephacel using aqueous sodium chloride of in- 
creasing concentration as eluant. The yields and com- 
position of five fucoidan fractions obtained are given in 
Table 1. Fraction F 4 , which was essentially a homofu- 
can sulfate containing fucose and sulfate in a molar 
ratio of about 1:1.23 and only traces of other monosac- 
charide constituents, was subjected to structural 
analysis. 



Preliminary characterization and chemical modifica- 
tions of F 4 . — The IR-spectrum of F 4 contained an 
intense absorption band at 1240 cm' 1 (S=0) common 
to all the sulfate esters. An additional sulfate absorp 1 - 
tion band at 824 cm -1 (C-O-S, secondary equatorial 
sulfate) and a relatively small shoulder at 845 cm- 1 
(C-O-S, secondary axial sulfate) indicated that the 
majority of sulfate groups occupy positions 2 and/or ; 3,. 
and only a minor part of sulfate is located at position 4 
of fucopyranose residues. An absorption band at 1720 
cm' 1 revealed the possible presence of (9-acetyl groups 
in this polysaccharide. 

Like many other native algal fucoidans, fraction F 4 
had a very complex 13 C NMR spectrum, which was 
difficult to interpret completely (Fig. 1). It contained 
several intense signals in the anomeric (97-102 ppm) 
and high-field (16.5-16.7 ppm) regions, which are typi- 
cal of a-fucopyranosides. The signals at 19-20 ppm 
confirmed the presence of O-acetyl groups. Unfortu- 
nately, the 'H NMR spectrum of F 4 was poorly re- 
solved, so we could not apply 2D procedures to assign 
other resonances in the ,3 C NMR spectrum of native 
polysaccharide. y" 
Several chemical modifications were carried out .to 
simplify the structure of F 4 . Three modified polysaccha- 
ride preparations were obtained as the result of desul- 
fation (deS), deacetylation (deAc), and both desulfation 
and deacetylation (deSdeAc). Molar proportions of 
constituents and specific optical rotation values of F 4 
and modified preparations are given in Table 2. 
Deacetylation was carried out by treatment of polysac- 
charides with aqueous ammonia. 19 A solvolytic desul; 
fation procedure 22 was used to remove sulfate groups, 
since acid methanolysis usually results in deep degrada- 
tion of fucoidans. 17 The yield of desulfated polysaccha^ 
ride (deS) was 62.3% from theoretical value. The 
preparation still contained about 7% of residual sulfate, 
but attempts to split it by additional solvolytic treat- 
ment resulted in considerable loss of the material. High 
negative values of optical rotation of all the four prepa- 
rations were consistent with a configuration of : .Lt 
fucopyranose residues in these polysaccharides. :y 



Table 1 

Yields and composition of fucoidan fractions obtained by ion-exchange chromatography of crude fucoidan (b) 



Fraction 



F, 
F, 
F 3 
F 4 
F 5 



Yield (% of F) 



Neutral monosaccharides (%) 



S0 3 Na (%) Uronic acids (%) 





Fuc 


Xyl 


Gal 


Man 


Glc 






3.9 


35.4 


6.1 




0.8 


4.0 


n.d. 


n.d. 


2.6 


10.7 


17.4 


3.0 


3.7 


1.1 


19.6 


15.6 


21.4 


33.2 


8.1 


4.5 


3.5 




28.9 


11.4 


47.4 


58.7 


1.6 


1.6 






46.5 




4.5 


34.0 


3.8 


5.4 






32.5 
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methanol 



Fig. 1. 



"C NMR spectrum of native fucoidan F 4 (recorded at 333 K, the carbonyl region is not shown). 



m 



0 NMR analysis of polysaccharide preparations deS- 
pdeAc, deAc, and deS.— Both l H (Fig. 2(C)) and l3 C 
fet(Fig. 3) NMR spectra of desulfated and de-0-acety- 
| lated polysaccharide (deSdeAc) were resolved enough 
"to apply 2D spectroscopy for the assignment of reso- 
nances in the ID spectra. COSY and TOCSY (Fig. 4) 
^spectra revealed the presence of a-fucose and (3-xylose 
^residues in the molecule, the former ones being of two 
f'types, A and B, differing in the mode of substitution. 

* NOESY (Fig. 5) and ROESY spectra showed that all 
the fucose residues A (see Scheme 1 and Tables 3 and 4) 
/were linked to C-4 of residues B (correlation peak 
kuO/3.90 ppm), whereas all the residues B were linked 
ho C-3 of residues A (correlation peaks 5.11/3.94 and 
U.1 1/4.03 ppm). Analysis of the HSQC spectrum confi- 
rmed substitution of residues A at position 3 (downfield 

location of C-3 resonance at 77.2 ppm) and residues B 
-at position 4 (signal C-4 at 81.2 ppm). Finally, type of 
[substitution in these residues was confirmed by HMBC 
spectrum, where correlation peaks 5.00/81.2 and 5.11/ 
£77.2 ppm were observed. 

Analysis of p-xylose signals present in 2D spectra 
| revealed (1 ->4)-linked P-xylopyranose residues only 
" (Table 5, cf. 28 ); the subspectrum of terminal xylose 
^residues was not observed. There were no correlation 
| peaks for anomeric protons of the xylose residues with 
" any protons of fucose residues in the NOESY or 
ROESY spectra. It was concluded that our fucoidan 
re; preparation contained a small amount of (1 ->4)-P-xy- 

* lan, which was accidentally not separated during the 
purification steps. Signals corresponding to this xylan 

k were observed only in the spectra of desulfated polysac- 
' charides (deSdeAc and deS), where the relative xylose 



content was increased due to degradation of some 
fucoidan molecules under solvolytic desulfation condi- 
tions (Table 2). In contrast, spectra of sulfated prepara- 
tions F 4 and deAc contained practically no signals 
belonging to xylose residues. Attempts to obtain from 
the spectra some information about the structural sig- 
nificance of galactose, another minor component of F 4 , 
were unsuccessful. 

Thus, according to spectral evidence, desulfated and 
de-O-acetylated fucoidan (deSdeAc) has a linear chain 
of alternating (1-3)- and (1 ->4)-linked a-L-fucopy- 
ranose residues (Scheme 1, structure 1). To our knowl- 
edge, such a polysaccharide is obtained for the first 
time' It is interesting to compare its 13 C NMR spectrum 
with the spectra of some related polysaccharides and 
model compounds (Table 4). As expected, there are 
marked differences in the positions of anomeric and 
several other signals in our polysaccharide and linear 
a-L-fucopyranans of algal or invertebrate origin, con- 
taining (1-3) or (1 -4) linkages only. 13 The chemical 
shifts in the spectrum of deSdeAc coincided more satis- 
factorily with values calculated according to additive 



Table 2 

Composition (molar proportions) and optical rotation 
polysaccharide preparations 



of 



Sample 


Fuc 


Xyl 


Gal 


SO.Na 


[a]b 4 (° in H 2 0) 


F 4 


44 


1 


1 


54 


-141.0 


deAc 


43 


1 


1 


55 


-136.0 


deS 


77 


4 


4 


15 


-198.8 


deSdeAc 


76 


6 


9 


9 


-177.0 
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Fig. 2. 'H NMR spectra of desulfated (deS, A), deacetylated (deAc, B), and desulfated and deacetylated polysaccharide (deSdeAc, r 
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Fig. 3. I3 C NMR spectrum of desulfated and deacetylated polysaccharide (deSdeAc). 
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Scheme 1. 



schemes 19 26 using 13 C NMR spectral data for synthetic 
model (1 ->3)- and (1 ->4)-a-L-fucobiosides and respec- 
tive spectral glycosylation effects 27 (Table 4), but even 
in this case two remarkable deviations (each of 1 4 
ppm) were observed for C-3 (unit A) and C-l (unit B) 
which are involved in the (1 ->3)-bridge between units 
A and B. Most probably, this noticeable deviation of 
experimental and calculated chemical shift values in the 
spectrum of deSdeAc is connected with the difference of 
conformations of model disaccharides and respective 
fragments within the polysaccharide chain. 

All the signals in l H (Fig. 2(B)) and l3 C (Fig. 6) 
NMR spectra of de-O-acetylated polysaccharide (deAc) 
were assigned using 2D techniques, as above (Table 6) : 
As evidenced from the low-field shifts of H-2 and C-2 
resonances in both 3- and 4-linked oc-L-fucopyranose. 
residues, all positions 2 in the polysaccharide were 
sulfated. Low-field shifts of H-4 and C-4 of some, 
3-linked residues showed that additional sulfate occu- 
pies position 4. According to the relative intensities of 
the corresponding signals in the assigned l H NMR . 
spectrum, the proportion between structures 2 and 3 
(see Scheme 1) was approximately 1:2. 

NMR spectra of desulfated fucoidan (deS) (Figs... 
2(A) and 7) were analyzed similarly to estimate the- 
molar proportion of fucose and acetate (1:0.36) and to 
localize the positions of O -acetyl groups. It was found" 
that 0-4 of 3-linked residues and 0-3 of 4-linked < 
residues may be both free or acetylated, as followed 
from the low-field shifts of corresponding proton and- 
carbon resonances (Table 7), to give structures 4-6 (see 
Scheme 1). The contents of each structure given in 
Table 7 were calculated from the ! H NMR spectrum* of , 
deS. 

Methylation analysis. — Methylation of polysaccha? 
rides was used to confirm the spectral data on their 
structure. Native fucoidan (F 4 ) and desulfated fucoidan 
(deS) were methylated with methyl iodide in the pres- 
ence of sodium hydroxide in methyl sulfoxide. 29 F 4 was 
methylated in the form of both sodium and pyridinium 
(to enhance solubility) salts, but results of methylation 
were the same. Methylated polysaccharides were hy- 
drolyzed, and the resulting mixtures of partially methy- 



Table 3 

'H NMR data for desulfated, deacetylated fucoidan (deSdeAc) 



Structure 



Residue 



"H chemical shifts (ppm) 



H-l 



H-2 



H-3 



H-4 



H-5 



H-6 



► 3)-oc-L-Fuc/?-(l - 5 00 



3.91 



3.94 



4.03 



4.55 



1.20 



► 4)-oc-L-Fuc/?-(l -► 5.11 



3.89 



4.06 



3.90 



4.39 



1.32 
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Table 5 



NMR data for xylose residues in desulfated polysaccharides (deSdeAc and deS) 



Residue 



'H chemical shifts (ppm) 



H- 



H-2 



H-3 



H-4 



H-5 



H-5' 



► 4)-P-D-Xyl/>-(l- 



4.48 3.30 
,3 C chemical shifts (ppm) 



3.56 



3.80 



4.12 



3.38 



C-l 



C-2 



C-3 



C-4 



C-5 



102.8 



73.8 



74.8 



77.5 



64.1 



c 




■0 ,^ 



105 100 



■ 1 1 ■ I 

95 90 85 



80 75 



70 65 60 
(ppm) 



55 50 45 40 35 30 25 20 

Fig. 6. ,3 C NMR spectrum of deacetylated polysaccharide (deAc). 
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Table 6 

NMR data for deacetylated fucoidan (deAc) 



Structure 



Residue 



J H chemical shifts (ppm) 



2 (38.5%) 

3 (61.5%) 



2 (38.5%) 

3 (61.5%) 



A — 3)-<x-L-Fuc/>2S(}f -(I — 
B ->4)-a-L-Fuc/?2SO;T-(l — 
A — 3)-a-L-Fuc/>2,4SO-r-(l - 
B -4)-a-L-Fuc/>2SOr-(l -> 



A -►3)-a-L-Fuc J y2SOf-(l 
B -^4)-a-L-Fucy^2SO^-(l -> 
A -►3)-a-L-Fuc/?2,4SOf -(1 - 
B — 4)-a-L-Fuc/;2SO.r-(l 



H-l 


H-2 


H-3 


H-4 


H-5 


H-6 V 


5.23 


4.58 


4.18 


4.13 


4.48 


1.24 


5.42 


4.50 


4.22 


3.99 


4.51 


1.41 


5.35 


4.57 


4.32 


4.96 


4.54 


1.32 


5.40 


4.47 


4.37 


4.02 


4.38 


1.38 


l3 C chemical shifts (ppm) 










C-l 


C-2 


C-3 


C-4 


C-5 


C-6 


100.2 


74.5 


72.8 


69.4 


68.3 


16.7 


94.2 


76.5 


68.4 


83.1 


68.7 


16.8 


100.2 


75.6 


73.7 


80.8 


68.7 


17.1 


98.4 


76.5 


68.4 


83.1 


69.4 


16.8 
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Fig. 7. l3 C NMR spectrum of desulfated polysaccharide (deS) (the carbonyl region is not shown). 



Table 7 

NMR data for desulfated fucoidan (deS) 



Residue 



'H chemical shifts (ppm) 







H-l 


H-2 


H-3 


H-4 


H-5 


H-6 


A 


->3)-a-L-Fuc/?-(l -> 


5.00 


3.93 


3.95 


4.02 


4.54 


1.20 


B 


->4)-a-L-Fuc/?-(l -> 


5.16 


4.07 


4.05 


3.88 


4.37 


1.31 


A 


-> 3)-a-L-Fuc/?40Ac-( 1 -> 


5.05 


3.99 


4.14 


5.45 


4.71 


1.08 


B 


->4)-a-L-Fuc/>-(l 


5.16 


4.07 


4.05 


3.88 


4.37 


1.31 


A 


->3)-a-L-Fuc/?-(l — 


5.07 


3.98 


4.01 


4.07 


4.44 


1.26 


B 


-►4)-a-L-Fuc/;30Ac-(l 


5.18 


4.12 


5.30 


4.11 


4.45 


1.36 


A 


-3)-a-L-Fuc/>40Ac-(l -V 


5.11 


4.03 


4.21 


5.48 


4.61 


1.16 


B 


->4)-a-L-Fuc/>30Ac-(l -> 


5.18 


4.12 


5.30 


4.11 


4.45 


1.36 



n C chemical shifts (ppm) 



C-l 



A ->3)-a-L-Fuc/?-(l -> 
B ->4)-a-L-Fuc/;-(l — 
A -»3)-a-L-Fucp40Ac-(l 
B ->4)-a-L-Fuc/;-(l 
A -3)-a-L-Fuc/?-(l — 
B -*4)-a-L-Fuc/>30Ac-(l 
A ->3)-a-L-Fuc/;40Ac-(l 
B ->4)-a-L-Fuc/;30Ac-(l 



101.4 

96.5 
101.0 

96.5 
101.0 

97.0 
101.0 

97.0 



C-2 


C-3 


C-4 


C-5 


C-6 


68.2 


77.2 


70.0 


67.4 


16.1 


69.1 


70.2 


81.1 


68.5 


16.1 


68.0 


73.8 


71.0 


66.1 


16.0 


69.1 


70.2 


81.1 


68.5 


16.1 


67.9 


76.6 


71.0 


66.0 


16.4 


66.9 


72.4 


77.6 


68.7 


16.2 


68.7 


73.8 


71.0 


66.0 


16.4 


66.9 


72.4 


77.6 


68.7 


16.2 



lated monosaccharides were analyzed as alditol acetates 
'by GLC-MS. 30 

:■. The molar ratios of partially methylated fucitol ac- 
etates obtained for desulfated fucoidan (deS) were as 
follows: acetates of 2 5 3,4-tri-0-methyl-:2,3-di-(9- 



methyl-:2,4-di-0-methyl-:2-0-methyl-fucitol, 7:46:38:9. 
These results were consistent with the (1 3),(1 ->4)- 
backbone of fucoidan. A rather high content of termi- 
nal nonreducing fucose residues may be explained by a 
marked degradation of fucoidan backbone during the 
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desulfation procedure. Non-equal proportions of 3- and 
4-linked fucose, as well as the presence of 2-O-methyl- 
fucose, are possibly due to the presence of residual 
sulfate at 0-4 of some 3-linked fucose residues. Axial 
sulfate groups seem to be more resistant to solvolysis 
than equatorial ones: the presence of some 4-sulfated 
material after solvolytic desulfation of a sulfated fucan 
from sea cucumber was reported previously. 23 

There were three main components in the products of 
methylation of native fucoidan (F 4 ): acetates of 3-0- 
methyl-fucitol, 4-0-methyl-fucitol and fucitol in ap- 
proximately equal amounts. Comparison of these 
data with the results of methylation of deS confirmed 
the conclusion that sulfate groups occupy position 2 
in all the fucose residues. The presence of non- 
methylated fucitol acetate was attributed to 3-Iinked 
fucose-2,4-disuIfate residues in the native polysaccha- 
ride. 



3. Conclusion 

Taking into account the results of spectral and chem- 
ical investigation, it may be concluded that the fu- 
coidan isolated from the Pacific brown alga F. 
evanescens has a linear backbone of alternating 3- and 
4-linked oe-L-fucopyranose 2-sulfate residues. It means 
that the basic structure of the polysaccharide is regular 
and contains disaccharide-repeating units. In the native 
polysaccharide, this regularity is masked by partial 
sulfation of 0-4 in 3-linked residues and by random 
acetylation of the remaining hydroxyl groups. A 
polysaccharide having similar backbone was found re- 
cently in A. nodosum.™ It has a slightly different overall 
sulfation pattern, so direct comparison of its NMR 
spectra with those of our preparations is not possible. It 
should also be noted that its structural analysis was 
carried out, using an oligosaccharide fraction isolated 
from partial hydrolysis products of the starting polysac- 
charide with the yield of only 2%. Therefore, our data 
on the presence of alternating sequence of 3- and 
4-linked oc-L-fucopyranose residues as a backbone of 
fucoidans are more reliable. Complete assignments of 
resonances in the NMR spectra of this basic structure 
and , of its sulfated and acetylated derivatives may be 
used for characterization of other fucoidans, which will 
be isolated from other species of brown seaweeds. 
Recently it was shown that some more complex sul- 
fated heteropolysaccharides of brown seaweeds may 
also contain fucan chains consisting of 3- and 4-linked 
oc-L-fucopyranose residues. 31 Further investigations 
should, indicate whether the presence of alternating 
sequences found in A. nodosum and F. evanescens is a 
characteristic, feature of fucoidans from all the algae 
belonging to the order Fucales. 



4. Experimental 

General methods.— Quantitative determination 0 f 
neutral monosaccharides after hydrolysis of polysac 
charide samples in 2 M CF 3 COOH, 8 h at 100 °C was 
performed using GLC of acetylated alditols and myo- 
inositol as an internal standard. 32 Quantitative determi- 
nation of uronic acids by color reaction with coned' 
H 2 S0 4 and 3,5-dimethylphenol was carried out as de 
scribed earlier. 33 Sulfate was estimated 
turbidimetrically 34 after hydrolysis of polysaccharides 
in 2 M CF3COOH as above. Fucose was determined 
with coned H 2 S0 4 and L-cysteine hydrochloride. 35 

GLC analyses were carried out with a Hewlett-Pack- 
ard 5890A chromatograph. 17 IR spectra of polysaccha- 
rides were recorded with Perkin-EImer 577: 
spectrophotometer in KBr pellets. Optical rotations 
were measured using a JASCO DIP-360 polarimeter for 
0.9% solutions in water. 

NMR spectroscopy.— The spectra were recorded us- 
ing a Bruker DRX-500 spectrometer at 303 K (at 3*33 K • 
for native fucoidan F 4 ). Samples were deuterium-ex- 
changed by lyophilization three times with D,0 and 
then examined as 2-3% solutions in 99.97% D,0,^ 
acetone (S H 2.225 ppm) and methanol (S c 50.15 ppm)1 
were taken as the internal standards. The data 'were 1 
acquired and performed using xwinnmr 2.1 version: 3 
The parameters used for 2D experiments were as fol- 
lows: COSY [512 x 1024 data matrix; zero-filled to 
1024 data points in four scans per t x value; spectral 
width 2400 Hz; recycle delay 1 s; unshifted sine-square- 
bell filtering in t x and /J; ROESY [512 x 1024 data 
matrix; zero-filled to 1024 data points in /,; 16 scans per 
t x value; spectral width 2400 Hz; mixing time 200 ms; 
shifted sine-squared filtering in /, and t 2 ]\ NOESY 
[512 x 1024 data matrix; zero-filled to 1024 data points 
in eight scans per t x value; spectral width 2400 Hz; 
mixing time 600 ms; shifted sine-squared filtering in t x 
and t 2 ]; TOCSY [512 x 1024 data matrix; zero-filled to 
1024 data points in t x ; eight scans per /, value; the 
duration of the MLEV17 spin-lock was 60 ms]; HSQC 
[256 x 1024 data matrix; zero-filled to 512 data points 
in t x \ 40 scans per t x value; spectral width in /, 2400 Hz 
and in t 2 11970 Hz; recycle delay 1.0 s; shifted sine- 
squared filtering in t x and t 2 ]\ HMBC [512 x 1024 data ; 
matrix; 56 scans per /, value; spectral width in t 2 2400 
Hz and t 2 22680 Hz; recycle delay 1.0 s; optimization of 
the experiment for coupling constant 8 Hz]. « 

Isolation of fucoidan. — The alga F. evanescens was 
collected from the littoral of Iturup island (Kuril Is- 
lands) in August of 1997, soaked in acetone and dried 
in air. The milled algal biomass was treated at rt with a 
4:2:1 MeOH-CHCI 3 - water mixture to remove colored 
matter, filtered and vacuum dried. Then the mixture of 
defatted algal biomass (15 g) and 2% aq CaCU (4 x 150 
mL) was mechanically stirred at 85 9 C for 5 "h An aq 
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hexadecyltrimethylammonium bromide solution (10%, 
50 mL) was added to the combined extracts. The 
•precipitate formed was centrifuged, washed with water, 
■stirred with 20% ethanolic Nal solution (3 x 60 mL) for 
^2-3 days at rt, washed with EtOH, and dissolved in 
water. The solution was dialyzed and lyophilized to 
give crude fucoidan fraction (F) as sodium salt, yield 
1.94 g (12.9% of dry defatted biomass); composition: 
^fucose, 42.4%; S0 3 Na, 35.8%; xylose, 3.6%; galactose, 
2.9%; mannose, 1.2%; glucose 0.7%. An aqueous solu- 
tion of F (1.54 g in 50 mL) was placed on a column 
(24 x 4 cm), containing DEAE-Sephacel (Pharmacia) in 
CI "-form, and eluted with water followed by NaCl 
solutions of increasing concentration (0.5, 1.0, 1.5 and 
2.0 M), each time up to the absence of a positive 
reaction of eluate for carbohydrates 36 with phenol and 
coned H 2 S0 4 . All the solutions obtained were dialyzed 
and lyophilized, yields of fractions Fi-F 5 being 0.06, 
0.04, 0.33, 0.73, and 0.07 g, respectively. Composition 
of these fractions is given in Table 1 . 

Destination of fucoidan. — To convert F 4 into pyri- 
dinium salt an aqueous solution of fucoidan was passed 
through a Dowex 50 W x 4 (PyH+-form) column, the 
eluate was concentrated and freeze-dried. Solvolytic 
;desulfation of F 4 (as pyridinium salt) was carried out as 
described earlier. 17 Yield of desulfated fucoidan (deS) 
was 80 mg from 240 mg of the starting material, 
residual S0 3 Na (6.7%). 

De-O-acetylation of polysaccharides. — Samples of F 4 
and deS were treated with aqueous ammonia at 37 °C 
to remove acetyl groups. 19 

Me thy la t ion analysis of polysaccharides. — Methyla- 
,tion of fucoidans followed by hydrolysis and GLC-MS 
of partially methylated fucitol acetates was performed 
as previously described.' 719 
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